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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a light emissive 
end face formation method which can form, by cleavage, 
the light emissive end face of a semiconductor light 
emitting element using a nitride group III— V compound 
semiconductor without using an expensive substrate 
such as an SIC substrate or the like, and enables the 
takeout of an electrode to be performed from both sides 
of top and bottom, and does not hinder the movement of 
the semiconductor light emitting element, either. 
SOLUTION: Laser structure is made by stacking GaN 
semiconductor layers in multilayer on a C-face sapphire 
substrate 1, and then "ah Ni/Au film 7 is made thereon. 
An Ni/Au/In film 9 is made on a p-type GaP substrate 8 
of (100) face azimuth. The GaN semiconductor layer on 
the C-face sapphire substrate 1 and the p-type GaP 
substrate 8 are joined with each other through the 
Ni/Au film 7 and the Ni/Au/In film 9. At that time, the 
direction where the cleavage of the p-type GaP 
substrate 8 is easy and the direction where the cleavage 
of the GaN semiconductor layer is easy are conformed to each other. After joining, the end face 
of the resonator, that is, the light emissive end face is made by removing the C-face sapphire 
substrate 1, and cleaving the p-type GaP substrate 8 in the direction where the cleavage is 
easy thereby cleaving the GaN semiconductor layer. 




<19)B*BH*»r (JP) (12) t2t ^ 4# 1^ ^ ^ (A) (ll)ftgfUigi&PI## 

#^10-41586 

(43) ^KB ¥»£lO*F(1998)2fll3B 

(5ointci. s mitm /frtS3is^ fi tm$&;ffim 

HOIS 3/18 HOIS 3/18 

H 0 1 L 33/00 HO 1 L 33/00 C 



mm*, wvmvmi fd (£ 9 h) 



(2i)ms#^ 


^¥8-208780 


(71)ffl®A 


000002185 










CZ2)ffiHB 


¥j£ 8 <P(1996)7E19B 




JfcSCSfi.JIIK:tb»;il 6TB 7 #35<t 






(72)f69Hf 










«3S35a;n^ta;ti6TB7S35^ y- 














(74)tt3A 





(54) [56w©*#] ^m^mtm^o>m^tinmom^& 



(57) 

<> &<ta%i 1 1 -V8nt&etm8#imi.>tc%m# 

(CN i / Aul7*f^T5. (IOO)IMCpI 
GaP£fi8±tCN i/Au/1 n IRQ N 
i/Aui7*5<fcyNi/Au/I n!9%^UCl 
t7r-{7lfil±OGaN^»#Ii pSGaPI 
«8 pSGaPl«8©^ 
mm t G a NJM^ORiSli^ & £-^3 -tt 
■5. 8£f£. CSiJ-? W7S«l£Rfc£U pSGa 

9GaN&¥jg&JI£ffPl.T±fcffi3§3gffi. 




m*mi ) mit®& \ 1 1 - vmtevi^m&zm 

%mt*&%&*zmi$,?zm<t®2ii i 1 1 -vmts® 
*m#mz*<D-yi<D3EM±ia8.&$ ntcm 1 ©s«© 
±&mit®?fki i i -vmitsvmmtemz, wm&<p 

&m$-%rrz<i: 5 tcJtiBIS 1 ©S«£_tfBffr2 ©s« 

£ *tB5«: (4g^t>ti-r S I§£ . 

JifBSf 1 ©S«*^©ffcfr©£ffl»6l&*gfctt«< 

?-sifi£. 

±ib^2 ©*«£^©5tp§$j§;frrsjccfSo ritpg-r i, c 
tic£*)±M?&{i®m i i i - vm{t£®mm»mzm 
m u x%m\mm*Bmr zxm t *mt •& e £ &<®m 

[18*312 ] ±se^2©SS«S i. Ge £/ctt I I 
I - V^t^)^**?>tc.5f «SSlSr * 5 C £ S: 

#® i-TSW^Jl 1 fB*S©*g{*2fe:fcs^©ft&ffi$jgffi 

©ftfJifcSfi. 

[ m^m 3 ] ±i b^ 2 (ommtm'm.^mt s c £ * 

#®<bT Slit*]® 1 fatg©*^^£^<D^ftffl^M 

t m*m 4 ] ±iB«mtttf rsm te&mmfr h & -s c £ 

[iSJ#I5]' ±IB^mtt*ra@(i±IBS<t^ I I I 

- V^b^^SWf ±JC*62>> D*0fiX3 n/c^ 1 © 
£JSflS£±fBffi 2 ©S&©±IB— 7?©£M±{C£> 6*> C 

«>^(ss n/c^ 2 ©&jgj§ tfrhu&cttmkt?* 
a. 

mxme) ±smwt*>mmti±ssmtim i i i 

- vmit&®¥m#®±i<s j:o*±iBm2 ©ss©±ib- 

6 & £ C £ £ f S MjJcJI l f B«£©¥>g#?fefcgS 

^©*ftdi«M©ff^^. 

[i«*^7] ±SE^t;igjS i i i - vffit&tozm# 

Ml* (00 0 1 ) M2f{4©J&BJl-C&9. ±iBJfT2©* 

iuibik i i i - vmit&fa¥m&m<» < i - 1 o o > -n 

fil*fctt < 2 - 1 - 1 0 > *l*]i±SB^2 ©s«© < 1 

i o> jsmtDHm-mtzjzstciizsmKDmmti. 

K* 2 ©*« £ ^ffiSK&g^fctt-T £<fc5K:l,/cC£ 

imxms ) ±£wta$ i i i - vmn&&m# 
■otoooi] tiGmiMZm l ©S«©±IB-#©£ 
m t wc* *) . ±t bis 2 ©ssttS:* ^©isiitaii 
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£Wf*ii£tC*$C>T. ±c&<t$i£i I i -vmt-s 

wtm&m<D [oooi] -jmicmtLttisfo* < i - i 

00> 3frrS]£fcW: (2-1-10) *(S]i±fB^2©S 

s© <i io> *iS]i*niiJ-§c-rsj:^(c±fBmi© 

S« £±IBHr2 ©SS £ fcfBSltfig^bti-r S *> «c 

mims ) ±im{t®j£ i i i - vmn&*t¥m# 

im*m i o ] ±iam i ©3«£B&*o/c&. ±ib^ 
(b^s i i i - vm<t&ymm#m±ic*- s 

©i^^ffJjQl 1 IB«S©*^i*^^^©^»m^ffi© 
[Still] ±IB»2©«g±{C±IB*zgtt:^^ 

*<Dmwm&*wi& s nr *> o . c ©$u®@ss^±ib^ 
©*fttu^ffi©^fiE^& 

[^W©»*ffl%Stt^] 
(0 00 1 ] 

[»W©KritS3*f»»] C©^HJ« > GaN&i'©! 

{b«j^i i i-vgs<t^)*^4li>fc*I^f 

^©7tSi:(±14SM©^^tcBgT -5. 
[0 00 2] 

[fi£3fe©^j] GaN, A 1 G a N> Ga I nN&i"© 

mm {-r-ivvj v) Hfc\ i i -vmft&vtmmw 

30 «. ^-©^$IJ^iliI*5 1 . 8eV^66. 2eV{CM-?r 

[0 00 3] C<DmV!>li& I 1 I - VSHk^BMHSWHc 
iO^fe^^^-K (LED) t»*3W*U— tftt^*« 
j§-r-5Jg^tC«, GaN. A 1 GaN. GalnN&i' 

[0004] sr. if^iS-r^iS^tctt. 

[0 005] -iS. G a N*¥^i*©ife B ^gK:fflt^ 
tlZ-rXDZMU&fat Ot, t^t)«<|)-&6H (0 0 0 
1 ) ffiS i CSI5#*£#. C©6H (OOOl)fS 

^isjAiat^— so. { 2 - i - i o } m ( r Affij £ 

50 [0 006 1 $fc, G a NS*^f*©^JSStcffll^ 
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tlZ> i> 5 — ^CD3Ef|ft3{&£ LXV~7 7 A 7SW$^> 
[0 007] ««WSm»*>6Jlfct *<C«, CCD3cffift 

en^ (ooodk tcmj <tP¥«n^) if^r^ 

1 - 2 0 } ffi ( TAffij iPf«*i*) If? r >f7l«?: 

r#£&cDUi#6nTi>ft(,> 0 

[0 00 8 ] *CT\ CCDCMtf:? WTSfehCtGa 
N**3|*«:«fiS1*4C4«:j:0»«3n4GaNJR 
^ttU-tftCtel^ttt, CmV7 7 -/TStlKlGa 

n6©GaN**aW*»*JR)Stt-<*>xv^>y (R 
I E) ffi(cJ:0^x^?>^4ctK:j:DjfcflcUia 

M^rffJ^Lri^ (tflxJ*. Jpn. J. Appl.Phys. 35(1996) 
L74) Q 

[0 009] L2»Uft#6. G a NJMS^OMCCB 
BKJSenri^l^ £ft, *©*&U14Bffitc0JiR3 

[ooio] $ if? r jTmmtmnmamn 

cDS«T£>£C<h*»6, ^<D±CC^U/cGaN^^ 

«= u -if tt*© 2 4tf t t>±w& o ta ^ ft n#ft 

C> 0 £/c, GaN^^U-if^rl^^^^ ^-X^ 
•5 SJ8^6C» % GaA s»*aW*U— !fft<>f£ 

ftttn«fte>fti\, 

[0011] *2E % S«<D«^^£ftJfflGTG 

a N Jl Ccf*ra®^6 ft SJSffi* JBJ&fcT SK**«ft ^ nt 
(Appl.Phys. Lett. 68(1996)2147). C CD^ffiCCcfcft 
Cffitf^r ^TSffi±tcGaNS4fiSSSi±, CCD 
GaNJKDHoSCC I n PSS^EtLT7 5 0"Ct6 0 

K+#ftJI££t1i< Ltc&. GaN@*5^C/C®1f^ 
r ^ 7g&£if §Tf <hfc:J: 0 G a NJf Kffgaffi*»6 

ftSfflffiiJBjffiurc^s. fit, c©XiKCctec»r 

C(DMtCcJ:0nSGaNlinSI nPii^S 
^JBfiJEOTl^S. 0*PLft#6, C(DnSGaN/n 
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0. CM, SWnSI nPJBMfr&nSGaNSffi 
Cc^gft-T -2> £ # tc r > ^ * ;u Kii^ 4) -5 c t £ yfs L X 

[0012] tc^x. *aw*u-tf«c*5t»rttii«. 

pHWSHffJiftS. 0/c#oT, ±a><DJ:5ft I n P 

tt, f © 1 n Plfii It pS©t©S:l^a£«^» 
LfrLtjitfih. pSInP18t»>54, If^tC 
*#ft[5iSia*£0£o Tft*>%, GaNil nPicDx 
10 Fo&Ktt* «tt"C«w«*rttftc^. it 

S?K<fcntf, N<D**ft*^ttB^<fcOGaN<Dflrai 

^tt^sr ecis < ft £ £ ^rks nti^ ( jpn . 3 . Appi . p 

hys. 32 (1993) 4413) 0 £/c. *W(DF e <Dx*;U+* 
~^{i£S^CL/c$B£-4>#>9 (Materials Science an 
d Engineering B29(1995)61X fntC^Si, GaNi 
I n P t (Omm^(DlM±(D^ * 1 . 7 e V 

TNfc£ e CfthttC^til^ GaNilnPi^OFS 
tttt. a l 2^<fcc>'^ l 3Cc^T<J:^«:ft^<b^ffi$n 
CCT\ H12tt777h;OK^tcj:aGa 
20 N£ I n Pt(0^> Ftim&Tjklr* M 1 3 ttpSGa N 
ipSInP^OKSasSt. ftfc, 012te J: 

E Y «ffim^C7)±$gcDx^;l/^-, E F »7^1/U 
*^=F-*5K-r. S/c, S12CC*5C^t:. E oa =3. 4 
eV, E 0 ,= l. 34eV, A E c =0. 36eV, A 
E v = 1 . 7 eVt^^ 0 

[0 0 1 3 ] HI 3^6to*SJ:5«c, pfilnPJH* 
6IE?L££AT£<t£K^ 1 e Vfel±©*SOiE7LCC 

^^KiAE*«?ns/c^ t ii^s»<bfto. 

[0014] 

[*W3WJBi»OJ:5ir*BI!H] £Lh©J:9«:. fit* 
«, If^r >f7lS^^$i^lKffiut, 
5tBUft^CC{W»*^i;-5C<5:ft< % tf©36 
»W«B*»HCci 0»J5R-r*#ffiWft*o3fc. 

[0 0 1 5 ] l//c#oT, C(O%0JCD§W«, S iCS 
«fti'©«ffiftS«*ffll*SC<!:ft< k I I I 

O ft t **^^*W*tta«ffi(!WBdE 

[0016] 

X, ^(*»*3R^*aWE-rs»b«!»I I I-V^{b 
^3¥®<*Jl*f CD— ^<D^M±^fiSS$#/c^ 1 <DS 

50 ffll^U, ^tt^WT^>^2<DS«<D-*(D£BB 
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i i i -vmit£®*m»m<Dg&i®§ l j3fatwmz- 
a-r s <fc 'y com i <ommtm2 ©*«£ ^nm^m:^ 

fct^SXgi. SH 1 ©*«£-£©ffe:£©±raija>6l£ 

cooi7] c<drwic*s^-c. miommt. -e©± 

icmt®&l i i -vwnt<£®i¥m&m*:J&g;2itzc 10 

[0018] C©^BJ(C*3^r. Jfr2©S«tt. WSft 
CCtt. af^ttSrWf C©$2©S«ibtlJ. #|;L 
«. Si, GeSfcBI I I -V»Hfc^«|3|£3W**>6Ja: 
&44£JMftK4S4iCf&4-i&. C©I I I-VSHb^)^ 

I, GaP. G a A s . InP, InAs, 
Ga Sbft£*a«t£tf6ft-5. 

[0 0 19] CW^Kte^t, igmtt'fPiS/Itt, »J8 20 
!&2tltcm2<D£mmtfrlbts:Z. £6Gt, counts 

mtmwm±.*s «t o-jsi 2 ©sis©— #©£s±© *>%<d 
— *jc* 6* c «>bre^ *=» & £ *>©-c* 

[0020] coawcbur. mtmmi 1 i-v* 30 

^{C«fc0. 3£{CA1. 1 n B#>£>£c-5>i¥ J: Oil 
tftlfc— «£U:4> I 1 I^TC^fcii^/^/CtiA S*J«fc 

tfp a>6 «t sgf<t 0 mi*ntc-m&L±<D vmTvmzs 
t*. e©sflawRi 1 1 -vmt&to¥m&m<Dm#m 

&mt-f2>±. GaNI. A IGaNI, Ga I nNJI. 
A 1 Ga I nNIi&i'T*S. 

[0021] comMic^x. StfbftXI I 

1 - vmit&®mm#m<<t < 0 0 0 1 ) ffi#{a©/&g)i 
■c$>*). m2<DWRuiLfj^m(om¥mm^L^t^m^ 40 

(1-100) XfoZtcl* (2-1-10) Jtttm2 
©Sffi© (110) #(S]<taH3;l3f— grt-£<fc5«c^l© 
*«<b^2©*«i^tBStc{4g^ti-rS. gfc. ^ 
<b1^ I I I -V»tfb£*N£«{*B© [0 0 0 1 ] 
*^l©»«©-^©iiS<i:WT-*»). ^2©«®« 

Si*S^©^«i3g*W-rs^tc*jCir. Mfb^ 1 
1 1 -vwut-Gv&m#m<o [0001] ysmicmmtj: 

#|SJ. (1-10 0) Wtilttt (2 - 1 - 1 0 ) 

<tur 2 ©sfi© ( 1 1 0 ) #[Si t mi\$-&.-rz>& so 



10-41586 

6 

£11 ©g«£Jff2©g«££fB5tC{ig£fcthr-5. 
[0 02 23 c©^Hj«:teti-c«. ftSffjKfct. ^b<& 

^1 1 i -vmte®>*m<$mt l c3i>frmicigm&itmz 
WMt z c t tc j; *) m5\p\(owm^m^mis.t * . 

tt. l&JtMfe -f*>ftAtt. rtSM&^ffi. Sfcii*^ 
fa (BH, Buried Hetero)^iti4^i(Cj:^SSlJI{^ 

[0023] c©^{cfec^r«. mz.it> lgl©»$ 

(c^-s ? ^t4Sfc(i~>3 v h+t4©^g*^fiS-r-5„ 

[0024] cc^Bjicfcc^r^. jfatc«. an 2 ©a 

K±(c^^^^-©$tjffliia]Sg3!)^fiXSnrte0. c 

©*ij©iH]ss*sstt*K® ^ u x¥m#&%m*t,cm 
mtz. c<Dmmmmt, ^<*wcc«. {t-^&Missg, 

[0 02 5] ±R<D£>>< l Cffif8.2tltcC<DmniC*i^T: 

k. moa^toass 1 1 1 -vmit 

■&tomg#m*g&i&%G-rz,m2<D%tii.±mGL. % 

zcticjzKimtmm 1 1 1 -v^b^¥i»&ji£§t 

Pll/r3fe&tB«S*^fiS;-r^J:^ccb/-ci,^©'C, ssi 
©s«i ur«-9-7 r -fraig^i'. m2<DWKtLx 

BGaPISfti'ifflMCim, ^l©««*Ji: 
^2©S^ifc^ffi!&SS€:fflt<^C<>:*Jrir^. $ 

ft, m2(omm.{i{yxmm.^mm><D^m^i>ci. 

(C<fcO. ^©BXtJUiL^iTMffij&^^f^Ci^r 

3 6k, sfb^i 1 1 -vmt&mmm»mt& 

2©«St4^EStS4>lfflB < #tc^MM%/M,rS^L> 
Tt,>£C<t«£«fc9. fiE<tfil%I I I-V^b^9*»» 
Bim2©S«i?ril:g}g^TSti^©«fc i 5(C. W^M 

[0 02 6] 

[^BB©^iS©^] «T. C©|%BJ©HJfi^{COl> 
•C0S^#BBUJfe*36I^BJ-r^. Sl~S6ttC©^BJ 
©^ 1 ©HJSJKSStC iSGaN U - If ©ISj6^ 

te^-r. C©mi©IQS^SItC*JCi-Ctt. Ga 
zg(*© {2-1-10} ffi^^Si L-T*{1S«BD. 

•r a: t> ^ m^M* jf^-f -o t » r ons -r -s . 
[0027] c©0i©His^tc*$c>r«. s-r. 0 
j*are u /cw^^jif b^mffl^s (mocvd) ^g© 

+ * UT^iL-r^^lfH, £S£U P9^.«105 0 
•Cri 0^^ffi^^^C<ttcJ:t3. C©Cffi^7 T 

-rrsso^s^fb^ffi^f ^. c©cffi-9-7WT 
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[0 02 8 ] :&CC, SfiSg^WxtfS 3 0 -CKTtf tc 

SJ^^CCNiSI4<bLTCDr>^r^7 (NH, ) 
JcC/Gail^iUrcD h <5& (TMG a . 

Ga (ch, ) 3 ) £{£jau sm&mmt$titccw 

MfiStio C©GaN^:7yJf<DJ?3«: 

[0 02 9 ] #«C* HlCC7jrr<fc5CC> CCDGaNA-; 
^yJl±CC. MOCVD&CC^O, nSGaN^>^ 
FB2* nIAlGaN^77h*I3, 7>F-:/<DG 
aNrSttS4, pMA 1 GaNZzry K15WO'pM 

jHtt*«Atf 1 0 0 0 -C*T±#3*/c«, SJCjPrtCC 
TMGa *J i^nS F h i > (S i H 

« ) ^lTnSGaN3>^^M2^I?# 
£o JSK^rttC h'jy^l/7;l/^^A (TMA 

1, Al (CH, ) 3 )«LtniAlGaN^7 
* FH3*0EfiStt4. #tc, Sfc^rt-^CDTMA I *$ 
Jr^SiH, (Dm&ZWltis. TMGafcJ:C/NH 3 CD 

GaN»ttjB4*fiJEfiS-B' 

Ut^>^a^>^i/X-;l/7^>")A (Cp, M 
fir) WITpSA lGaN^7^ FM5€0tS3tt 
*CC. Sl£*Prt-vCDTMA 10«3[&4MUrpi 

[0 03 0]ft*5, SiOS3<D-?«4ftf5i, 
GaN3>^^M2«3jum, nIA 1 GaN^7 v 
K13*><tc;pSA 1 GaN^77 K15«0. 5 m 
m, Ga Nr£tt/f4(*0. 05ym 4 pgGaN^>^ 
^H6(iUmt*5 0 g/c, nSA)GaN^7>> 
FJf 3 teirtfp MA 1 GaN^7-; FJI5<DA 1 Mti&t 

m2te£Vn%LA 1 GaN^77 K13(Dtt y TiSjg 
«^«3X1 O^cm" 3 , plA 1 GaN^7-; F® 
5:tecfcO*pg>GaNn>£* hH6(0++ 'J 7«K«ff« 
itf5x 1 0 17 cm- 3 r$)^ 

[0 03 1 ] CCt, C®^^T^TStgi^(0±6C^ 

sl/cg a N^^wmt<om<Dm^{k<om^mh 

[0 0 3 2 ] S7^*JC^r, CSlf:? W7gg<D*ll 
x>f*- */ 3 >;7^? F (OF) <D*ffiJ«'[ 11-2 
0]*fr ( TA^J i^«tl€>) -C*9. C<DAXfo 

icmmte (i 1-20) ffiteAS<to¥ tfns 0 coci 

r A T»«±CDG a NK^if»Jia>eAH»C9lDlf 
^ y -YTSSOMSIitCML/T 3 0* lHl(£l/Tlr>£ B U 

77^7»g±(DGaNS*«f*l(Ciot(i [-11 
00]^( TM^j <tP?tfft&) C(DM» 
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ftccsss: (-1 ioo) w\tMmtmztn*>. 

[003 3 ] m* (OmmcDteMk. G a N3M£«#(D«Pfl 
^gMte (000 1) 1 (Cffi) *$<fcO* {2-1-1 

o) (as) %(cimga&fln* (-no 

0} (Mi) t*5C<!:^o/c (08#I) . S7 
Cffi^7r^Ta«±«:jiSfiUfcGaN3R***JB 

10 & w L>/c#oT, GaN^if*l(DMI$/diAitC 
j&g<Lft£ 0 

[0 034] ST, ±3£<D<£5tCOTpSGaNrJ>£ 
* FH6*rjiKfiSl±fc». H 1 CC^T<fc^ CC % P iG 
aN3>^ F»6±CCN i /A u® 7 ft 
<^C£90J£U pSGaN3>*^H6«C*-5^ 
CCr s CCDNi/AuB7K:*$l«N 
i|«*jJ:^AuK<D«3Wmtf -tn-eni OnmfcJ: 
#5 0 n m~C&£ 0 

20 [0 03 5 ] — 09OC**rck^ft (10 0) 

<DpMGaPSS8£#J&tfl!;g:U CCDp^GaPSS 
8±CC, H2K:5«-J:9K:, Ni/Au/InI94S 
ZmMm* ifCcJ: K) BtittZ. C<DN i/Au/I nR 
9fc*iWSNi«L AuK4eJ:tfI nM<E>J12te. fflit 
IttWftl On m, 5 0 nmfcitf 1 0 0 nmt* 

£<DN i/Au/I nflS9<E>^N ilfediMu 
i«pIGaPlfi8 vttmZtZtcVXD 
b<DX&K). M±m<D I nllipSGaN^y^ FJf 
6±KJgj&3n/cN i /Aul7 <t(D14#<D/c^cD4><D 

30 -C£>& 0 ft**, pSGaPIS8©)?3«m«3 0 0 

[0 03 6 ] p^GaPIS8(DNi/Au/I 
njg9ffl£, CIt 7 7 -{ 71S 1 i /A u R7 i 
tC, pSEGaP»«8<D«HS»*^ ( <1 10> » 
[pj) <E>-^-C&£ [0 - 1 - 1 ] ^iGaNMitt 

■©[-1100] *«Ii3W— a-r*<t5*ctftB^*>« 
^tctf^o Tftfr*>. H9K:inT<J:5K:, piGaPl 

g8wyx>f->3>77«> h« [o - i - i ] ~h 
40 [Sre#>6o o/c#-?r. Cffiif;? wrXgi<D:t»;x 

>r-->> 3 >777FipSGa PS«8 (D^ 'j x>r~ 
— >a>^^«> h<t^-ST4J:^«:cn6(DCMlf7 
t >f TSS 1 fc<fca* pSGa Plfi8 Zmtn-StrnZ C 
pS!GaP»«8©|*BB«fS#|oir*4 <0 
- 1 - 1 ) ^iGaN^^f*®© (-1100)* 

g^^<DfBS«il^«± 5* «rt«c-T4 C <L#T£ 
4. 

[003 7 ];XCC, pSGaPlS8iCIt7 T >f7 
50 m&l £Zf£WLtcim-C, WJxJSN, ^7X#ffl^*CC 



(6) 

9 

fcl>T 3 0 0 ~ 4 0 0 -CCDSg-C 1 ftHMMBB&ff 5 . 

cftou:-,T. 02 tc/n-r cit7 7 -f7ifi 

l_k©N i/Aul7ipIGaPl«8±©N i /A 
u/I nl§9<L*si4«U CMIf 7 r T«® 1 4 pi 
GaP«« 8 ft*. 
[0038] -XK.. a^HSb/c^ ? V> 
•5. Clt7 7 -/71S1 4^©IIl*>e.7ff>y 

«(CJS(;tpiGaPSfi8©ai4m«CV 
DffiCCfcO^SnAiS i 0,K&4©&g© (Hct« 10 

r> aoaoWi mtfi oo ray 
»>Tcit5 t rifi i *i ? 4. c©<t 

C©CIt 7 7 7I« 1 ^>y^s? 
ft. GaN^*aiftJS*J<tCfpSGaPS«8ttX5 > ^ 
>y£ftftt>. tft&Cjr-^T. 03t£5VrJ:5K:. CBB 
t7r^ T«t£ 1 3*1*. 
[0039]», 04«:^-rJ:^K:. CiD-7 T -/7 

aN3>^ HJ12 0^ffitCnffliJ^@l OSttT^T*. 

jmmwcb. c©nisij^@ i o it. mjumzv 10n 20 

m©T i ©. JS3# 1 0 n m©A 1 BS*J<fctf0!|;ttfJ*$ 
#2 0 0nm©AuJg*WH^»r4C4K:J:0T i / 
Al/Au^MWcg, N z ^x#Hm^w:*JC»r 
6 0 0-C-Cl»IBMft«ffli*tf^C4«:j:»)«fiJrri. - 
#. pS»GaPS«8©«®(c»pffliJS«l 
U *-5 ^S)»3#5. C©pffllJ«Sl lilt 
«. WiH!Ti/Pt/Aui*Il>S. 
[0040] %(C. B5(C^TJ:9CC. pSGaPifi 
8©t'Jl>f->3>77»; r«CWr(CS?KJ3ft*<fc 
^{C, nfflSil 0fc<tc;nSGaN3>^H'H2© 30 
H&Ccm{f^T*>K^>&4*{C<fcOW;W#&l 2 
£Aft*. nfflijmei OffliJ>grT{COr. 

1 2*AtlfctC?><D&±<Dpmmmi ICC. :*';x> 
>a>?^ rK^fiCC:f--(:7£i!rr, piGa P 
a«8£M*-**(C§?K§T*. C©4#. C©pSGaP 
SK80MMK:f*l>. GaN^#ftl^ii5n4. 

j£3ft*. t©&. C©^-=S:0f5cWPS-C^^'»^-r 

±tc«fcO. 136 fc^T if^^f- at»g©Ga 40 

NJMSWl/- 9 , #S&;*ft*. 
[0 04 1 ] «±©«fc5«C. C©^l©H*t^tC«fcft 
tat. CIt7 7-/7l«l±(Ct/- tf«j»«r^t4G 
aNf*i<ti^S?t, ^©ili©pSGaN3 
>$^H6ipSGaPl«8i%N i /Aufi7fc 
«fctfN i/Au/I ni8*^OTS^L. ^©B£. p 

mg a p««8 ©fsnss^rfi tcmwrj T*« 1 
±©Ga Nmmmt*m<Dmm®gyrtiitifi-w&zj: *> 

? t* > y fc ^ x 5^ > * c 4 tc £ 9 I, . 50 
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10 

plGa PS«85r-e©iipgsa^(Sj«:?S^r^pg-rs 

Ct«cj:0GaN»i|U»i*JB*»IIOr*«Sitiii. r 
ttfc*%ftltiiftffi&j&ffii/'rt>&. c©fc#>. s i c® 
«©«fc5&BHffifcS«*flll»*e4&<. GaNI^i 

ffi©BJDffiO*±TMffi*>£f?5£4**rt4/c«>. 7 

WT?Ci*iTS4. J6(C, pS/GaN3>£* hit 
6ipfGaPl«8i(J. £H&JI^-C**N i/A 
umiisJiVN i/Au/I nI8 47>Lti^3*it 
t»*©r. ^©&-£E(CpS>GaN:3>£2' rH6 4 p 
S?G a P»«8 4©R8t?©S^3^ttiE?L©ig«l*#!itf 

<ttffr*-S*C4*Jr**. 

[0 04 2] i)OC. C©»W©!H2©Slit»j8«:-3t»-C 
SMB-r*. c©^2©jUfijgffitc*ac>r«. c©f8JB£ 

SCH (Separate Confinement Heterostructure) f?tjS| 
©G a N«*«{*U— tf©«J6tcafflLfc*i^^Ot>T 

i&bjt*. 

[0 04 3] C©I2©SMi(Ctel>tB. S10(C 
^TJroK:. 01©H«©gSS4piai«r^{cJ:«3. Cffi 
■9-7 t -/7lfi2 llKnIGaNA-,77122^ 
SSthfcft. C©nSGaN^2»77l22±«c. nl 
GaN3>$^H23, nSA 1 GaN??9 FI2 

4. n£GaNXati&»2 5. ?SttJ126. pSGaN 
jfeiSii2 7, plA 1 GaN?7? KJS2 8*jJ:0*p 
aGaN3>**r»2 9**ac0ifi3tfS. CCt. 
SI©f?©W ; ?:f!f5i, nSGaNA'77712 2 
B2 5nm, nSG a Nn * hB2 3 «3 a m. n 
SAlGaNi'7-;h-f2 4ttO. 5meq. nSfGaN 
%M&m2bit0. Urn. pSGaN%*iKJ|2 7tS 
0. l(im, pSAlGaN?77F128H0. 5m 
m. pMGaNa>$?H2 9ttUmt*S. £ 
fc. rS14/12 OttflRfcW?;**^ nm©Ga„., In 
o.. NlifS^nmOGa,.,, I n 0 .„NIil:3? 

[0044] yc«c, m i o fcjcoqg 1 1 cc/n-r J: 

mi©HSfiJKJ!S4PIfilCC. p§SGaN=i>£* MB2 9 
±^©Ni/AuH3 0©M. N i /A u|g3 0*$<fc 
tfN i/Au/I nl32^lt©pSGaNay$ 
* hJ82 9 4 ( 1 0 0) ffi#{i©pMGa PS«3 1 4 
©&-£. Cit7 7 ^7182 1 ©iis i-c^ot^ 
pSGaPlS3 1±(C, Ni/Aul30fc 
cfcO'N i/Au/I n R3 2£t>OT. P MGaN3> 
2?Mi2 9. pSA 1 GaN?75 KB 2 8 . pIG 
aN*iS12 7, r§1$J12 6. nSGaNMffl!2 

5, nSAlGaN?77 FJ1 2 4feJ;CJ t nSGaN 3 
>* * M12 3*S»XSM3ftfcmiS?r^-r*. 
{**!§-<*-*#. C©1§£. pSGaPIi3 1±(c(i. 

Misuse. Aasa«a». «*bb. ^mieiss 



XL 

ft £'*p6 ft u— tf ©fMamsaaiflSEX;* nr t> 

£. C©$flaHilSS«. N i /Aul3 OfciO'N i /A 
u/InI32^l/t, GaNS*i*l/- *f«t&& 

[0045]*(C. nfGaN3>^^7 hJf2 3±dcm 
^.«CVDffi(Cj;iJ««l^.«Jl$^0. 5/inKDSiO, 
M ^BlSMc^ CODS iO, Jg±«tDV 

^57< -tcj; 9 04 3. 5 ym -c»I*n 0 w 

mii4 0 0 /imCDf^^-C^O, C©1/'^ b'*2 
->&-?Zi>±LXS i O, M75-i^©i'?^>y 

^?il/tm«He*Wtfx^W-2 5 0 k e 
V. h-Xil x l O-'cm-'O^r-ftyaAt 
£>„ C©i#©He<Df-5'ige<Dai3«^2. 5 Mm 
£ft&#>£>. nS?GaNn>^^ h)12 Sfcii^n^A 
K@2 4©- e *>&A3 

ft. itflgt^bsft*. c®i^ffi$i{t§n/c^»im^» 
[0 04 6] xic. y vmzm^tcyx-v n^>i/ 

hJf 2 SfciJ/mSfEifc^JtS 3±tCnilS3 4^ 
ft. pSGa Pm&3 1 ©KStc p ®MS 
3 5 *Ml&fZ>. #0C. ^ 1 ©HJ&ff^ilSHilfc: LT. 

». C©W#iKf&-5T P SGaPSS3 lfcia'G 
aNlM^&Jf£^-1*tci*g8TSC£«:J:«3. *JIgS 

-*m«4 0 0 »mfflf%lC#-lZs>??Z > C±lCj:K) 

T. aWi-r.SSCH^jt©Ga N2ji¥&ttU-1fi&SS¥ 

[ 0 0 4 7 ] C (DfH 2 ©HJSff^ft JrftWf. £ 1 ©HJfi 

t mmrm * c t a<-c# * «*». #© 

<fc 5 ftfU*£fcf#£ -5. TTftft*3. GaNI 

¥^&u— «f«:i3i,i-r etc w^ofcn j§ 

W-C©^^*«njfig £ ft ^ fcfc«!>. p Mttfi 3 5 
IlfitTSCiASTt. Ufc*i-p-CpffiiJ^S3 5©3 

>f f hffiia©*maftffi»£@-5c£#-e#.5„ 

— tf©©jianigs***6*>i;«)jgfiR3 n/cpSG 

aP!S3 1 ^ffl(,^rt»-5C<»:*>6. MflPBB*iaf->* 

^ y-c&j&z titcG a n^mbm* u— y&mmr z c t 

[0048] ti_h. commmmBmic^xm^m 
<x.mmi;ici)K commit. ±T&<omMBi&K.m.7E.2ti 
ife©-r«ft<. c©^©s'*e i js. ; ®«:srj<sa© 
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[0 04 9 3 mtf. -b£©IB 1 *JcfcO*^2©HigJ^S§ 
Kfct,>T^tf/c&fiI. ttfck JSg^lsW* ft 

g-c^tcfi^-r. ^s^jscrtftijift^gsffi. # 

«. pSGaN3>*> hJI6±tCff£ti£;*ftfcN i /A 
uI7ipIGaPIi8±fCMSnfcN i/Au/ 
I nI9i©gtf{C<(:i)plGaN3>$^ H6ip 
10 MG a P2S&8 i^Sa 0~C<,»£**, WU*. N i /A 
u/I njg9©m3<?CCN i/AuJg£fflC>-Ck<£U. 
C©ii£. N i /Au/I nm9*m^tcm-&trCLt'<. 
mML^-tZlZi&K ft£#. mtf3 0 0-4 0 0'CT 

1 B#F^g®^a*^ ^ c itc j: •) mmz'iy *> C t&V 

t. pSGaNP>$;>H6tpIGaPIfi8i* 

^2©siiSjf^K:*jtiT«. cmv-yr -irmmi . 

2 1 £J8t,>Tl<>£*s. Cfti^ft-Sffi^ii©-?:? r-f 7 

20 [0 050 ] ±i$©»2©SWSJf^tCteC>-C«, 
nMGaN3>^i/ f-J12 3fcJ:0*nSA IGaN?? 
» KH2 4(CHe?:-l , *>aA-rSC£«:J;0^^ 
H3 3£Jf5)&LT<,>£#. WU*. HlOtC^-Ttfc^ 
•C.. pIGaN3>*?H2 9feJ:C;pIAlGaN 
FJB 28KHe ?r-ft>ftAt5Ci«:J: ») C ti 

6©e*fcfte£$(5S6®*^Lrfe«tt,»„ c©Jg^. P 

MG aN3>3?^h@29 <DM£ffi 1 Mm-C*SC<h^ 
#SU He©^>aA©i^W-?:««l 5 0 

30 ft§„ 

[005 1 ]$^ ±i$©^2©HJSfl5^C*jUTtt > 

©m8it»^3 3«. C©ftij£i££J!3 3tCffl 

^■T-2>SP^-©nMGaN=i>^i7 hI2 3fcJ;c;pSA 
1 GaN*7? FJ12 4*x,f>^L?cg 1 C© 
SP» £*&ff*J@ «: J: 0 iS«6iA tf c t K J: K> Bl& L X t> J; 

■^■T-uw&mt-rz c t ^mxhi>. 
[0052] ttc. ±M<Dm iw^2 ommmmic 

40 feUttt, CIt7 7-f7ifil, 2 l^fCiSL 

fc«(c»BB*tfoTt>**i. cww y< rmm. 1 . 2 
i sritga pjfgft »i $ tc im Ltcvtrnxm® zn^ctic 

[0 05 3 ] 

[^©J9J^] «J:|ji?§0/cJ;^tc, t©#|HHK:<fcft 
«. M 1 ©««©-^©2Effi±«:^S3#/c^tf5S I 

i i -vwut&®*m&mtm&i\izmTzm2<Dmm 
±z^mtj:£o>mm\t<pr8mt:ftoxm<£:b> *(om 

so wzmwmvm pasa^ & #k«-sw si ^ tc^ 1 
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10-4 158 6 



13 

ni ©s«£-e-©ifBi§a#ft«:i9o Tit pgr £ c t tc 
attjJSffi^^T-Scfc^fcur^-stD-c. s i cmwi 

t'(DllKlMffll,>SC4)S<. gft^I I I - V 

ftpgctio^-rst b*>*>. ±TPfio*>e> 

line <o&m<om i <Dm&Bmic£z g a n$¥* 

# u -if (Dimfimzmw? z> tc^<ommm^$> -s. 

# U — tf ©S££#£ £ s&bj-t & fcesb©»rffi0 f* -5, . 
[04] C©^Hj©^lCDiySJgS§tCj:^GaN^^ 

[05] C©^Bj<D^l©|«SJi5ggK:J:-5)GaN^¥i» 

[06] C©^Bj©^l©Hfil^SltcJ:^GaN^¥« 
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* [07] CIt7 7-f7lfiifOlttSl/fcGaN 

[08] g a H&¥m#<Dmm®%m*:K-jrm&m-v$> 
a. 

[09] c©^aj©sri©si«s^{c*jc^rfflu6n-s 
(ioo) ffi#<a© psg a psffi*^-rBSiK0r*> 

[010] C©^©^2©Hifi»eg«:J;SGaN^ 
z£{£ U— tf (Dgimftmz&W? S /ci*©»rffi0-C*^> „ 
10 [011] C©ffe93©lff 2 ©fUS6»/gtc <fc 5G a NJfM* 

®(* u— tf ©^jt^ffi^siBj-r § fc*©i4m0-c * •*> . 

[0 1 2 ] Ga N/ I n PJg£©x*;M r ->'<:> Kit 

[013] pSGaN/pil n P^g£©x;^;^*--M• 
>K0-C^>S„ 

1 • • • CIt77-/7lfi, 2 • • • nSGaN3> 
2? MS. 7 • • -Ni/Aul. 8 • • • p§9Ga P 
SS. 9 • • - Ni/Au/I nE 1 2 • • • 
20 ®, 2 1 • • • Cffiif V y -{rmm. 2 3 • • • n^G 
aN3>$? hJl. 3 0- • -Ni/Aul, 31- • 
• pSGaPlS, 32 • • - Ni/Au/I nt 3 

3 • • • mtm^m 



[01 ] 



[02] 



[03] 



z; / / /. 




7 NI/AuM 

5(p)pBAI0BN??? FIB 
•4 GaNtSM 

1 C»77-(Ti« 




| | g g g ^^(p) 

V3<n> 
X 2(n) 
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[05] 



[06] 
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[07] 



[09] 



GaNM«» [1210] 




,1T7y-f r(2fl0) 



G*NJMi**t2110j 



tollj 



e( P ) 




coin 

<0ll> 



1 0] 



[011] 




2d(p>9AlGaN^?7 HJB 
25(n) nHG»N3es»«Ji 

+-24(n)nfiAtOaN^9T K« 
q~23(n)naOaM 

■22(n) Dfic»N/W7Tfi 

• —21 CB*7r-fT«* 



33 taa^fl 




31 (p) pfflGaF*« 



[013] 
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[^TB)«13¥l 1^30B (200 1. 1 1. 30) 

lAmm^) tmw- 10-41586 

l&mB) ¥f&l 0*P2^1 30 (1 99 8. 2. 1 3) 

imm*m ). 1 0 - 4 1 6 

imtaH*] - 2 0 8 7 8 0 

HO0S 5/30 

H01L 33/00 
CF I ] 

HOIS 3/18 

H01L 33/00 C 



imtiiB] W-f&l 3¥4^25 B (2 00 1. 4. 2 
5) 

[^ffiffim. i ] 

immm 1 ) mtwm i i i - vBat^^ttfcfli 

c>/c^{*^3^©^ffi^M©ff*^&cc*>t,>T . 

*«{*i%^^*«5S;-rsMt^ i i i -v^b^fj 

±ia»t*j*i i i -vmt-svi^mitmz. mm&<p 
mmzftLx. §?Bat4£^-r4J&2©««©— ?s<d£.w 
tmsb . *<D®Lk$ Em 2 <D&&<Dmm®my3fo t ±e 
mvto& \ i i - vKjt^jf ifti^g^ <t 

*5H«-Scf -5> J: 5 K JitEST 1 ©S«<fc±IBJfl 2 ©g& 
±IESI 1 ©S«£^©ffe:fr©±®ffliJ*> 6Bfc*£ /c»* < 

±fe^2 <D£tfi£*<z>9$H$ji2rfflcc&o -cftpsnr 5 c 
t(c«fc«)±iE^{b^ i i i -vmitG®>¥mt*®zm 



) ±IBlS2©g&WS i, Ge £/c« I I 

zmttzwam i iBis©^(*^^©3iaKtti^® 
i m*m 3 ) item 2 ©a««igiitt£*r-r sci* 

ffi©^JS*S. 

[it^5 ] ±iB^mi4*rHin«±i^t^ 1 1 i 

- VM^Wi#I£(c*e,*0*i)S$hfcf 1 © 
^Jijgi ±ibi& 2 ©s&© _kf e-:fr©£E±fc& 6*> d 
«>^3 tifcsu 2 ©#jiik i <=> a * c <k i r 4 

m*m6) ±Mmw&<p&\mi*±.ismimm i i i 

-V«?ffc^«»*3W*)l±*jJ:af±8BIII2©«R©±E- 
^©^Hi©^ %©— ^{C*6^Ca>?l5RSE3n/c^BiK 
*» 6 & 4 C 4 IS*^ l SB*8©*i»*f8l£3R 

T©^fcB^ffi©^fi£^S. 

[i««^7] jjewtttx i i i - vmt&&m#. 
■tt(oooi) B^<a©fiSse-c* o . ±ie^2©« 

<b»% i i i - v«s{fc£*Na*{*j!© d-ioo)^ 
<2-i-io> ^£±ie^2©ss© ( i 
i o) #iDj£#««-a-r4<fc5cc±sesjii©»«£± 

I B3I 2 ©*«<fc **as«:<ag^toi+-r 4<fc 5 «t L- tc C £ 
*««fr 4BUR31 1 12*B©*^tt&3fc^©7fcfifcfcbiiS 

ffi©0^^s. 

(i»*^8) ±£aMb&x i i i - vmit&®>im& 

H© [ 0 0 0 1 ] #fSj#±!BHI 1 ©Sffi©±lB— 2r©£ 
m t WC* 9 . ±K* 2 ©S«ttSd»li»©*SIM*i£ 



®¥m#®<D [oooi] sisitcii^sifi). (1-1 

0 0) #[S]$fctt (2-1-10) *ffi]iJ:fe^2©S 

«© <i io> jjfotmm-mtz<i;'>< l c±.&mi<D 
g& <t ±i bj& 2 ©as <t * taste &m^t>-e t s «k 5 tc 

[it*99 ] jubshmwr i i i - vwut&fomgw 
m<<c$i&#sicnm$.±m zb&l? * c t tc «t *> wtuftv 

i i o ] ±am i omfozmz; l tt*. uas 

ftt&Jjfc I I I - Vj5^b£*j¥igWl±tC:t- 5 v 

i] ±!Blif2©gt£±tc±iB^#2£#fg 

^DiW'lSJlHlSSaiflM 5 tit is 0 . C ©*«lEl8S£±fBii 

itmm i 2 ] mvmm i i i -v^b^ift^ 
±fBg<b^i I 1 -vffHb^^ziffli*. zgtittfr 

mitmmi i i -vMb.^¥^ffli©§ggggii;frr6]<»: 
^tate-sc-rs^ ^ tc_k§Bgi i <omm±±.§zm2 osr 

±ib^2 <ow^^(Pmm^i3\P\ic^ r mm? z> c 

m^m. i 3 1 mmjk i i i - vmit-£®*m#* 

<h. 

±iagjb^3U i i -vgabt^ESttig*, agnttfr 
r.a)f £/mt. ftgaa^wrs^2(Dgs<D-^r<D^M 

<b%£U ■e<D^Jb§B^2<Dg^g)%ga^^^±§B 



ftmW- 10-41586 
<*; tc J: Q -ksBgH bffi% I 1 1 - Vf&btl^igftfl^jS 

im$m 1 4 ] gjfcfta 1 1 i - vmit'&w&mte® 

±tc^gg-tffc^ig>ggg)±iB^b^mi 1 I -vf£ 
<pmwomm®miifat±jfcmm& i i i -vgit^ 

01 ©g&£±iaSS2©g%££iB5tC&ai^>#-rS 

-fsxn<b, 

±§B02g>gg^^g>§tga^g^tc?a-oT§$ga-r^c 

<h tC <fc «3 JiiS^-f bffijfc I I I -V^bt^PEigftJigrff 
IklgEilii 5X*§<h£Wf £ C £ ^1tm«?:-r -5 
m£®8k\ I I -Vj£Jb£®¥a9ffl§©%ffi©ft3fifcfr 

[jMg 1 5 3 gjb^g I I I -VSJteSMEaHEfc 
fflc>fa^ft^g<D§jjg^atcfec^r . 

wrn^m i og^cp-^(DjEa±tc^gti-.g>x^^, 
±§B^{b^i i i -vmc&M£mttm*s mn&<p 

Fll^lt, lfgatt^WrS02(DgS<D-^(D^ffi 

mm-m-rz£ *> tc±ags 1 <Pg^£±fBjg2 g>ifi 
irsxji£. 

±tBm2g)gs^^<D^^^rrS)tc?6- ? Tggga -rst: 
^tcj:o±§B^<b^i i i -vmit^mmmwm^m 

immm 1 6 ] ^{b^% i i i ^yMiiigM 

i osgg>-^r<D^B±tcRS:gg-ifsx^ < h , 

tam&ftux. mm&*m?z>m2<DW&o>—i5<D3m 
tig-Sb. t<om±Mm2<r>mm.(omm^w,^t±Me 



-rzxmt. ±iB^2<Dgtig^-e-(Z)^g^^tc?8or§^gg-rsc 

-a 2- 



ftffiW- 10-41586 



Cf»»3i 1 8 ] ix&mtomwMUiifk i i i - v« 
it&®mm#mv$>z>ctzttwif?z>nncm\ 7§Bis 

m 1 7 fBjg©^tt)i©^a©?EEfcfri£. 

c§s»^2 o ] ±§g0 1 <Dm&im£&Mm< **> 
[ m?m 2n ±§b^ 2 gagj^ fa t jb§a 

imimz 3 ] ±ggm i ommt-v? r -<rmmx& 

[fit:£Kf2 4] ±Sfr2<S>g&t3:GaA sfrbteZMtS 

±iBm2<pg^^^(D§igg^^i°itc?Q- 3 r^ga-r-sc 
£ tc J: o ±i g^jgftjg tcasa^ tees g n-c c > c t * re 

C#^«iE3] 

[*SiE*t3ig»s] nam 

[ffiIE*t£UIg£ ] o o o 1 
[000 1 ] 

[^©H-r^g^B^If] C©^«. GaN#<b*©g 

<bgj^i i i - vm\t^¥m&*m^tc¥m&m& 
m. zm&mtm*. mm& \ i i -vmt&i&m 

[#*£ffiIE4] 



[«iE*f&#S£] mmm 

[filiE*MU9Sg] 00 15 
[fflJEtffc] 

[0015] Ltctf^X, C<D§tW<Dmmt. SiCS 

itmmi I I-VgKk^4s»ftMKO«HB<P»Bfc»a. 

[#MffliE5] 
[*§IE>tf&«*S] HflHF 
[ffiiE#*£g£) 0 0 16 
[«UE;frf£] lEIi 
IWiErtS] 
[0016] 

[»jB*»9i-rsfc«)©^g] ±iese<j«r^fiS-r^fc«?) 

r. 3£ro%#^&tfi$-r&g4bft$ I I i-v«i<k 
^«*||#Ji*-e©-*©±lB±«:)iR«S it/cm 1 ©£ 

«<Dfift»»i i i -vmt&w>mm&mz, 

SW & J: r> vcm 1 ©S«£SI2 ©g«££tlSK:{ig£- 

SSfcBKf^Ili, »2©««**©ifras^^ 

l«HC»o-r»HirSCi«c«l:*)»fc««RI I I -VM 

WT-SC -fcfclfSfc it 1 C©%9IM:$fc> 
gftflBRI I 1 -V^b^¥gi*£m>fc^g<$%jfc 

<b^%i i i -vmt&®>*m»®zmi<Dmte<D-jj 

©^B±tCfi£ggti--5X^§«h, gjb^j i i-vmt 

■gtom£#mz. mn&<pmmzftLx, sum*** 

■&»2©ggO— J5r©3Efflfcg^L> ^©^2©Sfe 

<o»Hg*afl&*««tg-aT & J: s ccg i <mmtm 

2Q^t±¥SSK&M°^£^M^ ^1©S^ 

; &-e©ffe^©^B^B'J^e>^$/c^3:g<^r^x^^, m 
X8>z>. commute gjbMJ l i -viEflaMU 



-ffl 3- 



saltan* 1 1 i -vmt'&®mm#®zm 

lg>g^«P-^g)^ffi±{Cfi£5g-l±-5Xf§<!:, mit®?Sk 

i i i -vmt£y>¥m#®z, &m&wm±M> 

*<D®&2<omWL<DmwmmJ5fatmiU!!»Jk\ i 1 - v 

gfflTzcticxvmitmmi i i - visubt^&gtt 
sg>^^tcfec>r, mmmi i i -vn^ 

& 5 tern i <Dgfe«fcm2 oafe<b ^rffiatcag^^-a-r 
im<-?z>TMt. m2<Dmmzz<Dmm®mjjfoiciQ 

fe^r. mmi*$m*ttf$.-fzmimmi i i-vm<t 

gjbMj i i -v%jb.^&g<$Ji£. 

£M<»:%£U *<Dffi&2<om&<Jmwm%-fi\*\t'm.it 

are- & <t 5 «: isn <pm&£. m 2 g>sfe <h ^taatcfi 
g^*>t»-r ax ?i <b , ai i <ps& & ± Qf^vzMmfr 
t>mi;$td l m<-?z>T.mt. m2(Dm&zz<Dmm® 
mfifticiQ-oxmm-rzc tK^MMsM ! ! i-v 
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tttpRaufcrti-c. §tgatt^wr-s^2<pggo-^(D 
ttjfti i i -v^b^^tfno§$gaga^fSi<!:^a 

e>f&££tcim<?&jLmt. m2<Dm&z ; £<Dmffi® 
gJifticiQ^xgmirzcticjz'omitVim i i i-v 

[ffijE>Ff^31S«] 0 02 4 

[00 2 4] t<E>2£Wcte<,>T«. Sf^CCtJ. ^2©* 

With, zomwrnkk*. mm&mw, 

ipffl®t:ftLXm2<om&t1££-r2>IMi:, B2 

2<pmm.t*mi,. ^2<Dg^^-g-c^gas^(6i(ca 
msm<<c\%. mmzk i i i - 

tfc«^< f zxm$>zmzm2<7mfo<Dm&&M,i3fo 
tmm#®<Dmffl®£-ftfa t teas 



-a 4- 



